Bacterial retron reverse transcriptases are unusual enzymes which utilise the same RNA molecule as a template and also as a primer for 12 initiation of the reverse transcription. Except for their relatively frequent presence in Myxococcus spp., they are considered as quite rare 13 proteins. However, in this study we proved that retron reverse transcriptase is frequently found in certain serovars of Salmonella enterica. 14 Using polymerase chain reaction (PCR), in strains of serovar Typhimurium, the rrtT (retron reverse transcriptase Typhimurium) gene was 15 detected in 158 out of 175 tested field strains. On the other hand, in none of the 18 tested serovar Enteritidis strains the rrtT was detected 16 in their genome. Detailed computer analysis allowed us to predict the sequence of msDNA and to propose that the final msDNA is free of 17 any RNA. Furthermore, we predict that there are at least three different classes of retron reverse transcriptases. 18 ß
23
Certain bacterial species encode a speci¢c type of re-24 verse transcriptases called retron reverse transcriptases 25 (RRTs). These have been frequently found in Myxococcus 26 sp. [6, 19] while in Escherichia coli they are found in about 27 10% of ¢eld strains only [8, 20] . In other bacteria, RRTs 28 have been reported very rarely. In Salmonella, RRT was 29 detected in four out of 70 strains of the SARB reference 30 collection [30] and recently RRT (rrtE, retron reverse tran-31 scriptase Enteritidis) encoded by low molecular mass plas-32 mid of S. Enteritidis was described [32] . Unlike retroviral 33 reverse transcriptase, bacterial reverse transcriptases utilise 34 the same RNA molecule as a template and also as a prim-35 er for initiation of the reverse transcription. This occurs by 36 a mechanism during which the template RNA molecule is 37 folded into a complex secondary structure in which two 38 inverted repeats designated as a1 and a2 play a central 39 role. Subsequently, the folded molecule is branched using 40 2P-OH of guanosine residue at the 3P-end of the a2 repeat 41 and this branch is used as a primer for the initiation of 42 reverse transcription. As a result, cDNA complementary 43 to the loop between a1 and a2 inverted repeats is formed. 44 A typical end product of this process is single-stranded 45 cDNA (msDNA, multicopy single-stranded DNA) which 46 accumulates in bacterial cell cytoplasm [5, 12] . The biolog-47 ical role of RRT or msDNA is unknown [13] . Speculations 48 were presented that it may be mutagenic [26] Altogether 236 strains of S. enterica belonging to 12 74 serovars were included in this study. These strains be-75 longed to serovar Typhimurium (n = 175 strains), Enter-76 itidis (n = 18), Hadar (n = 13), Saintpaul (n = 10), Agona 77 (n = 5), Heidelberg (n = 6), Derby (n = 2), Stanley (n = 2), 78 Schwarzengrund (n = 2), and individual strains of serovars 79 Indiana, Dublin and Gallinarum. Strains of S. Typhimuri-80 um JD42 (rrtT þ , msDNA þ ) and JD29 (rrtT 3 , msDNA 3 ), 81 and serovar Enteritidis SE2159 (rrtE þ , sdsDNA þ ) [32] 82 were used as controls in PCR. All the strains were grown 83 in Luria Bertani (LB) broth or LB agar (Difco) at 37 ‡C. 84 2.2. Computer analysis and primer design
85
GeneCompar software (Applied Maths, Belgium) was 86 used for basic sequence analysis including cluster analysis 87 of nucleotide sequences of msDNA locus. The same soft-88 ware was used also for primer design. The ¢rst primer pair 89 (RTFor : 5P-GAA CTA TTG CTC ATC CTT CG-3P/ 90 RTRev: 5P-GTA ACG TGA CGG TTA TGT CC-3P) al-91 lowed the detection of rrtT gene in di¡erent Salmonella 92 serovars. The second primer pair (msDNAFor: 5P-GGA 93 AGG AAG GTT ATC ATT GG-3P/msDNARev: 5P-GTC 94 TAT CCC TAA AAC TGG GG-3P) allowed for the am-95 pli¢cation of the predicted msDNA locus and was used for 96 generation of the probe used in DNA hybridisation. Sec-97 ondary structure of the predicted msDNA was calculated 98 using an algorithm available at http://www.bioinfo.rpi.e-99 du/applications/mfold/.
100 The translated sequence of the rrtT gene from S. Typh-101 imurium was searched against SWISS-PROT+TrEMBL 102 databases using BLAST P v2.0 algorithm [1] and BLO-103 SUM62 matrix. E-value threshold 0.001 was used for the 104 search. Protein sequences were aligned using Clustal X 105 v1.8 [14] . Duplicated, incomplete and non-conserved se-106 quences were removed from the alignment (Table 1) The msDNA was isolated as described previously [19] .
113 After electrophoresis in 13% polyacrylamide gel, the DNA 114 was visualised by staining with Sybr Gold £uorescent dye 115 (Molecular Probes, USA). To characterise the msDNA in 116 detail, it was treated with 10 U of DNase I ml 31 for 30 117 min at 37 ‡C, 20 U of S1 nuclease for 30 min at 23 ‡C, 10 118 Wg of RNase A ml 31 for 30 min at 37 ‡C, 10 U of RNase 119 H for 30 min at 23 ‡C, and restriction endonuclease Sau3A 167 was only very weakly similar (22% identity, 45% similar-168 ity). The multiple alignment (not shown) of protein se-169 quences revealed high conservation of the retron sequences 170 in the regions of predicted secondary elements and strict 171 conservation of the catalytic residues. The catalytic triad 172 essential for enzymatic activity (Asp99, Asp185 and 173 Asp186) was strictly conserved in all proteins in the align-174 ment including the RrtT from S. Typhimurium. Phyloge-175 netic analysis (Fig. 1 ) clearly separated the retrons produc-176 ing msDNA bound to msRNA (retrons Mx162, Mx65 or 177 Ec86) and the retrons producing RNA-less msDNA (ret-178 rons Ec83, Ec78, RrtT and Vibrio retrons). Remaining 179 retron elements comprising both the retrons known to 180 produce the single-stranded msDNA and also the retron 181 of S. Enteritidis the ¢nal product of which is the double-182 stranded sdsDNA were quite heterogeneous and may be 183 reclassi¢ed in the future. In selected strains we have detected and initially char-225 acterised the predicted msDNA. In 35 strains of S. Typh-226 imurium positive in PCR for the rrtT, presence of msDNA 227 was con¢rmed (not shown). In eight S. Typhimurium 228 strains negative in rrtT by PCR, no production of 229 msDNA was observed. The presence of the gene in the 230 genome of individual strains therefore correlated with 231 the production of msDNA. The msDNA was resistant 232 to RNase A, RNase H, and sensitive to DNase I. S1 233 nuclease degraded the predicted loop and single-stranded 234 5P-and 3P-ends (see Fig. 3 ) and left intact the double-235 stranded core stem sequence. This resulted in an increase 236 in polyacrylamide gel electrophoresis mobility (Fig. 4) . 237 The stem sequence behaved also like a template for 238 Sau3A restriction endonuclease. Hybridisation with 239 msDNA speci¢c probe con¢rmed the identity of msDNA 240 (Fig. 4) . These characteristics were consistent with the ex-241 pected structure of single-stranded DNA molecule with 242 complex secondary structure and con¢rmed the theoretical 243 predictions.
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